Introduction
The application of knowledge with strong physiological basis of crop yield, allied to genetic and environmental factors, is essential in developing proper practices for crop management aiming high yields (Floss, 2008) . Several aspects determine the performance of a particular crop plant in a given environment, such as temperature, water availability, incidence of pests, plant genetics and management applied. Although it is virtually impossible to control all these factors, plant behavior can be assessed when submitted to different levels of these factors to understand how the responses of the plant to that given stress are formed (Radosevich et al., 2007; Gurevitch et al., 2009 ). Population growth leads to an increasing demand for food, fibers and energy, and requires both expansion of the area for crops as well as higher crop yields. In both cases, one of the limiting factors is the occurrence of weed species. The high cost of human labor led farmers to choose weed control practices which allow reduction of the production costs (Silva et al., 2007) . In the past, chemical management was used as the only method of weed control, but several problems led to the development of cultural methods as effective tools for lasting and low cost weed management. More recently the physiology and ecology of crops and weed species gained increasing importance in the development of methods of weed control (Radosevich et al., 2007; Gurevitch et al., 2009) . Several studies of competition between crops and weed species were conducted and the results of these studies are being applied at planning of integrated management practices such as crop rotation, succession, crop-livestock integration and winter crops as tools for suppressing weed occurrence (Severino, 2005; Ceccon, 2007) . Most of these studies allow modeling the dynamics of weeds infestation in certain crops and optimizing the system as a whole, based in dry mass accumulation, plants height, number of tillers or branches, number of inflorescences and other directly measured variables (Galon et al., 2007; Fleck et al., 2008; Bianchi et al., 2010) .
On the other hand, there is still a big gap between physiological, high specialized studies and application of these results for practical everyday weed management inside crops. Weed biologists, mainly from under developed countries, often do not use physiological parameters in association to the directly measured variables as tools for supporting their findings. Basic research materials which support applied studies (Radosevich et al., 2007; Larcher, 2004; Gurevitch et al., 2009; Aliyev, 2010) , propose changes to this scenario. This chapter is proposed to present options involving the application of physiological parameters in studies of crop-weed competition, whether the chemical tool of weed control is present or not, highlighting examples of studies of the types of findings which could result from the use of physiological parameters in ecophysiological and competition studies.
Weed species
Elaborate a definition for "weed species" in agricultural terms was never easy. All the current concepts are based in the not desired occurrence of a plant species in a given time and place (Silva et al., 2007) . A plant species can be considered a weed if its presence interferes in some way in a given situation. Therefore, no specific plant species can be considered essentially a weed, since this will depend on the place and moment this species is present for it to be considered harmful to the system -a weed. Even a crop plant, like corn, can be considered a weed if it is growing inside a soybean field, for example. Weed species can be classified in terms of vegetative cycle, habitat or growth habit. But despite this, general features of these species are (1) high capacity of producing seeds and other reproductive structures; (2) seeds keep viability even under unfavorable conditions; (3) seeds capable of germinating and emerging from deep soil layers; (4) seeds dormancy, which allows a continuous and low percentage of germination; (5) alternative methods of propagation (rhizomes, stolons, bulbs, underground seeds); (6) mechanisms of seed dispersion (seeds with wings or hooks); (7) fast initial growth and development; and (8) seeds longevity (Silva et al., 2007) .
Chemical weed control
The wide acceptance of chemical weed control with herbicides can be attributed to: (1) less demand of human labor; (2) efficient even under rainy seasons; (3) efficient in controlling weeds at the crop row with no damage to crop root system; (4) essential tool for no-till planting systems; (5) efficient in controlling vegetatively propagated weed species ; and (6) allows free decision about planting system (in rows, sowing) and crop row spacing (Silva et al., 2007) . It is important to consider, however, that a herbicide is a chemical molecule that should be correctly managed to avoid human intoxication as well as environmental contamination (Silva et al., 2007) . The knowledge in plant physiology, chemical herbicide groups and technology of pesticide application is essential for the success of the chemical weed control (Floss, 2008) . Surely there are risks involved at this method, but if they are known they can be avoided and controlled. Chemical weed control should be applied as an auxiliary method. Efforts should be focused on the cultural method of weed management once it allows the best conditions for the development of crops while at the same time creating barriers for the proper development of seedlings of weed species (Silva et al., 2007; Floss, 2008) .
The competition can be established both among individuals of the same species (intraspecific competition), or among distinct plants (inter-specific competition). There is also the intra-plant competition, where distinct parts of the same plant (leaves, roots, flower buds) vie for photo-assimilates. Based on the previously exposed, in general terms the competitive process among plant species should be faced as follows (Silva et al., 2007) :  Competition is more serious in younger stages of development of the crop, e.g. at the first eight weeks for annual crops;  Weed species morpho-physiologically similar to the crop are usually the most competitive in comparison to those which differ greatly from the crops;  A moderate weed infestation in crop fields can be as harmful as a heavy infestation, depending on the moment these weeds are established;  The competition is established for water, light, CO 2 , nutrients and physical space. Weed species can also exsudate to soil allelochemicals capable of inhibiting germination and/or growth of other plant species. This chapter will be focused on competition for light, but competition for water and its related parameters will also be addressed as competition for these factors are related to photosynthesis rate or efficiency.
The physiology of competition
When plants are subjected to strong competition in the plant community, the physiological characteristics of growth and development are usually changed. This results in differences in the use of environmental resources, especially the water, which directly affects the availability of CO 2 in leaf mesophyll and leaf temperature, therefore, the photosynthetic efficiency (Procópio et al., 2004b) .
Competition for light
For some authors, competition for light is not as important as competition for water and nutrients. However, it should be considered that there is an interrelation among these factors (Silva et al., 2007) . In fact, researchers are only starting to understand how the plant physiology is related to conditions of competition (Larcher, 2004) . When the crop shades completely the soil, there is no competition for light between crops and weed species. For other authors, the genetic improvement of crops allowed these plants to be more efficient in intercepting and using light. As a consequence, plants of crop species present high Light Use Efficiency (LUE) when evaluated alone (Floss, 2008) . Probably because of this, competition for light is often not considered in studies of plant competition. Santos et al. (2003) evaluated the LUE of bean and soybean plants and of weed species Euphorbia heterophylla, Bidens pilosa and Desmodium tortuosum, and concluded that crops accumulated more dry mass per unit of light intercepted than any of the weeds studied. These authors also reported that, although the weeds were less efficient than crops in using light, they present high competitive ability in field conditions due to be more efficient in the extraction and use of other resources, like water and nutrients. It is known that the competition for light is complex and its amplitude is influenced by the plant species, e.g. if the species is native to shaded or sunny environments and if it presents carbon metabolism of the type C 3 , C 4 or CAM. The differences between these plant groups are based on the reactions that take place at the dark phase of photosynthesis (Floss, 2008; Gurevitch et al., 2009) .
It is common to imagine that C 4 plants are always more efficient than C 3 plants; however, this is true only under certain conditions (Silva et al., 2007) . The C 4 plants demand higher levels of energy for producing photoassimilates, because they present two carboxilative systems, and thus need to recover two enzymes for a new photosynthetic cycle. It is known that the relation CO 2 fixed/ATP/NADPH is 1:3:2 for C 3 species and 1:5:2 for C 4 species. This remarks the higher need of energy for photosynthesis in C 4 plants. As all this energy comes from light, if the access to light is reduced, C 4 plants will be less competitive than C 3 species. On the other hand, the enzyme responsible for carboxilation in C 4 species presents some characteristics like high affinity for CO 2 ; no oxygenase function; optimal performance at higher temperatures; and no saturation under high light availability. As a function of these and other features, when plants are under high temperatures, light availability and also temporary water deficit, C 4 species are capable of completely overcoming C 3 species, being able to accumulate twice the dry mass per unit of leaf area in the same time interval (Silva et al., 2007) .
Competition for water
Plants are powerful pumps extracting water from the soil, and because of this in hot days it is common to see crops submitted to water deficit presenting some degree of wilting, while plants of some weed species are still completely turgid. Usually, the competition for water causes the plant to compete also for light and nutrients (Silva et al., 2007) . Several factors influence the competitive ability of a plant in competing for water, highlighting the volume of soil explored (proportional to the volume of the root system), physiological characteristics of the plant, stomatal regulation, osmotic adjustment in roots and hydraulic conductivity capacity of the roots (Floss, 2008) . Some plant species are capable of using less water per unit of dry mass accumulated than others, because they are more efficient in the use of the water (Water Use Efficiency -WUE = amount of dry mass accumulated as a function of water used at the same period). It is possible to infer that plants with higher WUE (more efficient in the use of water) are more productive when submitted to periods of limited water availability, as well as more competitive (Radosevich et al., 2007) . However, some weed species may present distinct values of WUE throughout the cycle, being more competitive for water in certain stages of their development (Silva et al., 2007) . Differences in WUE are important in plant aggressiveness, although this is not the only mechanism allowing survival to water competition. The stomatal self-regulation, in terms of stomatal conductance, plays an important role in overcoming water deficit periods.
Competition for CO 2
In relation to CO 2 , competitive aspects involving the availability of this gas are usually not considered. However, when the distinct carbon cycles presented by crops and weed species are detailed, it is possible to observe that the CO 2 concentration in the leaf mesophyll, necessary for a given species to properly accumulate dry mass, is distinct. As the efficiency in capturing CO 2 from the air is distinct between C 3 and C 4 species, and also the concentration of CO 2 may vary inside a given mixed plant community, the availability of CO 2 may be limiting for photosynthesis under competition, mainly for C 3 plant species (Silva et al., 2007) .
Characteristics related to the photosynthesis and water use efficiency
The photosynthesis rate surely is one of the main processes responsible for high crop yields, but the liquid photosynthesis is a result of interaction among several processes, and each one of these processes, alone or in sets, may limit plant gain in terms of photoassimilates (Floss, 2008) . The genetic variation among species and even among biotypes of the same species may shift the enzimatic mechanism and make a given species more capable than other in extracting or using efficiently a given environmental resource aiming to maximize its photosynthetic rate. Until recently, it was widely accepted that light affected indirectly the stomatal opening through the CO 2 assimilation dependent on light -i.e., light increased the photosynthesis rate, which would reduce the internal CO 2 concentration in the leaf and as a consequence the stomata would open. However, more accurate studies concluded that stomatal response is less connected to the internal CO 2 concentration of the leaf than anticipated; most of the response to light in stomatal opening is direct, not mediated by CO 2 (Sharkey & Raschke, 1981) . Distinct light regimes, both in terms of quantity and composition, influence almost all physiological processes like photosynthesis and respiration rates, affecting also variables like plant height, fresh and dry mass and water content of the plant (Pystina & Danilov, 2001 ). Water content, on the other hand, shifts both the stem length and leaf area of the plant, in a way to adapt the plant to the amount or quality of light intercepted (Aspiazú et al., 2008) . Interspecific and intraspecific plant competition affect the amount and the quality of the final product, as well as its efficiency in utilization of environmental resources (VanderZee & Kennedy, 1983; Melo et al., 2006) . This is noted when assessing physiological characteristics associated to photosynthesis, such as concentration of internal and external gases (Kirschbaum & Pearcy, 1988) , light composition and intensity (Merotto Jr. et al., 2009) and mass accumulation by plants under different conditions. Although gas exchange capability by stomata is considered a main limitation for photosynthetic CO 2 assimilation (Hutmacher & Krieg, 1983) , it is unlikely that gas exchange will limit the photosynthesis rate when interacting with other factors. However, photosynthetic rate is directly related to the photosynthetically active radiation (composition of light), to water availability and gas exchange (Naves-Barbiero et al., 2000) . Plants have specific needs for light, predominantly in bands of red and blue (Messinger et al., 2006) . When plants do not receive these wave lengths in a satisfactory manner, they need to adapt themselves in order to survive (Attridge, 1990) . When under competition for light, the red and far-red ratio affected by shading is also important (Merotto Jr. et al., 2009 ) and influences photosynthetic efficiency (Da Matta et al., 2001 ). The physiological parameters associated to photosynthesis rate and dynamics of water use in plant species will be presented, and on the following the application of these parameters in studies of plant competition (both in crops and weed species), and studies of herbicide toxicity to crops and forest trees will be discussed. Table 1 presents the main physiological parameters evaluated by the equipment called Infra Red Gas Analyzer (IRGA). Details on the principles of measurements by this equipment, as well as cares to be taken to avoid reading errors, can be found in Dutton et al. (1988) , Long & Bernacchi (2003) and in the technical manual of the equipment. Please note that the parameters available vary among equipments from different manufacturers, as well as
Physiological parameters

Parameter Usual Unit
Name and Description
Photosynthesis rate -Rate of incorporation of carbon molecules from the air into biomass. Supplied by equipment.
Transpiration -Rate of water loss through stomata. Supplied by equipment.
Stomatal conductance -Rate of passage of either water vapor or carbon dioxide through the stomata. Supplied by equipment.
Ci µmol mol -1
Internal CO 2 concentration -Concentration of CO 2 in the leaf mesophyll . Supplied by equipment.
E an mBar
Vapor pressure at sub-stomatal chamber -Water pressure at the sub-stomatal zone within the leaf. Not supplied by some equipments.
Carbon gradient -Gradient of CO 2 between the interior and the exterior of the leaf. Usually not supplied by equipment. May be calculated by the difference between the CO 2 of reference (supplied by equipment) and its concentration at the mesophyll (Ci -supplied by equipment). T leaf °C Leaf temperature -Supplied by equipment in °C or °F.
∆T ∆ °C
Temperature gradient -Not supplied by equipment. May be calculated by the difference between the temperature of the leaf (supplied by equipment) and the environmental temperature (supplied by equipment).
Water use efficiency -Describes the relation between the rate of incorporation of CO 2 into biomass and the amount of water lost at the same time interval. Usually not supplied. May be calculated by dividing photosynthesis (A) by transpiration (E). May be presented in several distinct units.
A/Gs
Curve* Intrinsic water use efficiency -Not widely used, but describes a relation between the actual photosynthesis rate and the stomatal conductance. The original units of each parameter is maintained.
A/Ci
Curve* Photosynthesis / CO 2 relation -Describes the curve of photosynthesis rate as the concentration of CO 2 within the leaf is increased. The original units of each parameter is maintained.
*These data should be represented as a graph showing the relation between variables as the concentration of one of them is increased; thus, the original units are maintained. Table 1 . Physiological parameters usually available when using an Infra Red Gas Analyzer (IRGA). Parameters available vary among manufacturers as well as among models of the same manufacturer. Some parameters are supplied by the equipment while others have to be calculated.
among models of the same manufacturer. Some of them (∆C, T leaf , ∆T and WUE) are usually not automatically supplied, but may be easily calculated based on parameters supplied by the equipment. The measuring units of the parameters also vary, and the most common units were adopted at Table 1 . Water use efficiency (WUE) have several interpretations and may be presented in several different units, for distinct purposes. For a more comprehensive overview of this parameter, please consult Tambuci et al. (2011) .
Photosynthesis
The photosynthesis (A) and thus the respiration, depend upon a constant flux of CO 2 and O 2 in and out of the cell; this free flux is a function of the concentration of CO 2 (Ci) and O 2 at the intercellular spaces, which depend on the stomatal opening, major controller of the gas flux through stomata (Taylor Jr. & Gunderson, 1986; Messinger et al., 2006) . This is mainly controlled by the turgescence both of the guard cells (which control stomatal opening) as well as by the epidermic cells at the stomata (Humble & Hsiao, 1970) . A low water potential will promote reduction in stomatal opening and reduce the leaf conductance, inhibiting photosynthesis and also the respiration (Attridge, 1990) , and increasing the gradient of CO 2 concentration between the leaf mesophyll and the exterior of the leaf (∆C).
Water use efficiency
When plants are studied in terms of the efficiency they present when using water, the parameters stomatal conductance of water vapor (Gs), vapor pressure at the sub-stomatal chamber (E an ), transpiratory rate (E) and water use efficiency (WUE) should be considered. The WUE is obtained by the relation between CO 2 incorporated in the plant and the amount of water lost by transpiration during the same period (Gurevitch et al., 2009) . The more efficient water use is directly related to the photosynthetic efficiency as well as the dynamics of stomatal opening, because while the plant absorbs CO 2 for the photosynthesis, it also loses water to the atmosphere by transpiration, in rates that depend on the potential gradient between the interior and the exterior of the leaf (Floss, 2008) . Water exchange also allows the plant to keep adequate temperature levels, which can be evaluated by the leaf temperature (T leaf ), as well as by the difference between the leaf temperature and the temperature of the air surrounding the leaf (∆T).
Physiology of crops 7.1 Sugarcane
Control of weed species is a mandatory practice which should be applied in sugarcane fields, and among the control methods available, the chemical is usually the most widely adopted on this crop. The reasons for that are (1) the big size of the sugarcane fields; (2) higher cost of the other control methods; (3) high efficiency of the chemical method; and (4) speed of the method. There is a very limited knowledge about the impact of the application of herbicides on the physiology of crops. According to Azania et al. (2005) , the application of late postemergence herbicides in sugarcane fields may result in high toxicity to the crop, limiting the yield. These authors attribute this to physiological changes in sugarcane plants which would result in negative effects, also on the quality of the harvest. Galon et al. (2010) studied the following herbicides, applied over several sugarcane genotypes: ametryn -2.000 g ha -1 ; trifloxysulfuron-sodium -22,5 g ha -1 ; and a commercial mixture containing ametryn + trifloxysulfuron-sodium at 1.463 + 37,0 g ha -1 , respectively. Treatments were compared against a check with no herbicide. The results are summarized in Table 2 . Table 2 . Physiological variables evaluated in sugarcane genotypes as a function of herbicide treatment. TC: control with no herbicide; HA: ametryn at 2.000 g ha -1 a.i.; HB: trifloxysulfuron-sodium at 22,5 g ha -1 a.i.; HC: ametryn + trifloxysulfuron-sodium at 1.463 + 37,0 g ha -1 a.i. Means followed by the same letter at the column, inside each variable, are not different by the DMRT test at 5% probability. Source: adapted from Galon et al. (2010) .
Treatment
In general terms, the CO 2 consumed by photosynthesis (ΔC) was smaller in treatments including the herbicide ametryn. There were also remarkable differences between genotypes. The ΔC is directly related to the photosynthesis rate of the plant by the time of the evaluation. In this situation, it is possible to observe that the genotypes RB72454 and SP80-1816 were less susceptible to ametryn than the other genotypes. The concentration of CO 2 within the leaf (Ci) was affected by the herbicide treatments, being also observed once more differences between genotypes. As expected, this parameter presented, in general terms, opposite behavior in comparison to ΔC. The application of the herbicide ametryn, a photosynthesis II (PSII) inhibitor, resulted in higher concentrations of CO 2 within the leaf, once the photosynthesis of the genotypes under application of this herbicide was more severely affected. The CO 2 concentration within the leaf was around 50% higher in treatments involving ametryn in comparison to the control treatment with no herbicide. Trifloxysulfuron-sodium also caused changes in Ci, but not at the same magnitude of ametryn. In general terms, the photosynthesis rate (A) observed at the treatment with trifloxysulfuron alone was similar to the control with no herbicide. On the same way treatments involving the PSII inhibitor presented photosynthesis rate inferior to rates observed at the control treatment. When considering the treatment containing ametryn + trifloxysulfuron, it was possible to highlight the genotype RB947520. The authors highlight that, even the damages caused by ametryn being more easily identified by evaluating parameters associated to the photosynthesis, variations due to the application of trifloxysulfuron-sodium were also detectable by changes in these parameters by using an Infra Red Gas Analyzer (IRGA). In other words, herbicidal damage on crops can be effectively quantified by evaluating direct and indirect damage to the photosynthetic route. Furthermore, the accumulation of dry mass did not correlate directly with most of the studied physiological parameters, because plant growth is a result of biomass accumulation since the emergence until the moment of the evaluation. In this way, the authors remark the importance of evaluating both types of variables, physiological and biomass/growthrelated, before concluding about the efficacy or impact of a given herbicide treatment. In addition, the authors remark the existence of differences among genotypes in terms of susceptibility to herbicides, which were effectively identified by physiological parameters.
Cassava
Several factors have contributed to the low productivity of cassava in under-developed countries, being the inadequate management of weeds one of the most important. Usually, cassava producers believe that this crop is rustic and there is no need to worry too much about weed control (Albuquerque, 2008) . However, the competition between weeds and cassava can affect its production in quantitative and qualitative ways (Aspiazú et al., 2010a (Aspiazú et al., , 2010b . This competition alters the efficiency of use of environmental resources such as water, light, nutrients and space among species that occupy the same ecological niche (Melo et al., 2006; Floss, 2008) . Aspiazú et al. (2010b) studied the physiological interactions of cassava with three weed species in order to determine the mechanism the crop plants used to overcome the stress imposed by weed competition. One cassava plant was submitted to competition with one of these weed species: Bidens pilosa (three plants m -2 ), Brachiaria plantaginea (six plants m -2 ) or Commelina benghalensis (three plants m -2 ). Cassava plants grown free of competition showed greater leaf internal CO 2 concentration (Ci) than when competing with weeds (Table 3) . Lower CO 2 concentrations in leaves were observed when cassava plants were grown under competition with C. benghalensis. The highest values for Ci observed in cassava plants were when under competition with B. pilosa or B. plantaginea, if compared to C. benghalensis. That can be attributed to the accelerated plant metabolism as a way to increase growth rate and escape shading caused by weeds, as will be further detailed. It is believed that under these conditions, where lower Ci occurs, CO 2 was consumed due to the increase at metabolic rate. Studies conducted by some researchers showed that responses to changes in Red:Far Red (R:Fr) ratios occur before the mutual shading among neighbors. Based on these studies, it was proposed that the Far Red radiation, which is reflected by adjacent leaves, is a means of early detection that signals the imminence of competition during canopy development (Ballaré et al., 1990; Merotto Jr. et al., 2009; Aspiazú et al., 2010b) . In addition, some species are capable of recognizing others by the amount of radiation reflected in each wave lengthessentially, the composition of the light reflected (Larcher, 2004; Aspiazú et al., 2010b Table 3 . Parameters associated to the photosynthesis of cassava plants 60 days after emergence, as a function of the weed species with whom cassava plants were under competition. Means followed by the same letter at the column, are not different by the DMRT test at 5% probability. Source: Aspiazú et al. (2010b) .
It was probably what happened when cassava plants competed with C. benghalensis; the presence of this slow growth, poor competitive weed species might have been simply enough to increase cassava metabolism aiming to avoid the imposition of future competition.
The authors also remark that the consumption of CO 2 (ΔC) increased proportionally to the decrease of Ci. When the three weeds were compared, C. benghalensis was the one that most increased the ᐃC of cassava, because there was a higher gradient between the internal and the external sides of the cassava leaves -this may indicate accelerated plant metabolism. Cassava leaves temperature was higher when under competition with C. benghalensis, mainly due to the stimulus in metabolism caused by the presence of the weed, and due to the low competition exerted, or simply due to the changing of the quality of light, which allowed cassava plants to recognize the species of weed (Radosevich et al., 2007; Larcher, 2004) . The competition-free control indicates the metabolic rate usual to cassava plants when free of competition. In this situation, plant growth becomes more balanced, distributing photoassimilates proportionally between shoots and roots, which is not the case when under competition (Radosevich et al., 2007) . The difference between leaf temperature and the air around it (ΔT) is commonly only 1 or 2 ºC, but in extreme cases it may exceed 5 ºC (Attridge, 1990) . Cassava plants under competition with B. pilosa or B. plantaginea stayed half way compared to the ones observed in weed-free control, and at treatment under competition with C. benghalensis. This indicates that these weeds were able to prevent cassava from reacting adequately to the imposition of competition, probably by limiting crop access to appropriate levels of a given resource, such as light or water, for example. The photosynthetic rate was also higher for cassava plants under competition with C. benghalensis, when compared to other treatments. Photosynthetic rate of cassava under competition with C. benghalensis was 7,32 µmol m -2 s -1 CO 2 , while for the average of the remaining treatments was 5,50 µmol m -2 s -1 CO 2 . The radiation balance and composition on the plant when in competition or shading, combined with carbohydrate level in leaves, may increase respiratory rate directly or through alternative pathways associated with the respiratory chain (Pystina & Danilov, 2001 ). This could make photosynthesis balance even smaller and reduce the ability of the plant to accumulate mass. The interaction between measured parameters is presented at In terms of parameters associated to the water use efficiency, the stomatal conductance (Gs) of cassava plants in coexistence with B. pilosa was inferior only to the treatment where cassava was grown alone ( Table 5 . Parameters associated to the water use of cassava plants 60 days after emergence, as a function of the weed species with whom cassava plants were under competition. Means followed by the same letter at the column, are not different by the DMRT test at 5% probability. Source: Aspiazú et al. (2010a) .
Vapor pressure in the substomatal cavity of the cassava leaves (E an ) did not change in function of the competition between cassava and any of the weed species (Table 5 ). In Table  6 , a high correlation between E and E an can be observed, although the latter was not modified in function of the species with which cassava competed. In this case, the changes in Gs can be attributed to factors not related to cassava plants, such as availability of soil water or wind speed, factors that can be changed by the presence of weeds. The transpiration rate (E) was dependent on the weed species with which the cassava plant competed, being superior for the control free of weeds and for the cassava plant which competed with C. benghalensis (Table 5 ). This supports the considered hypothesis by the authors that C. benghalensis does not show a good competitive ability for light, because the crop had higher leaf temperature (Table 3 ) and higher transpiration rate (Table 5) when competing with this species, which indicates high metabolic rate and accelerated growth due to recognition of imposition of competition before it was actually established. The interactions between parameters associated to the water use are presented at Table 6 . Pearson linear correlation matrix as a function of the parameters associated to the water use of cassava plants grown alone or under competition with weed species, evaluated 60 days after emergence. Source: Aspiazú et al. (2010a) .
The photosynthetic characteristics of cassava were influenced by its competition with B. pilosa and B. plantaginea. The authors noticed that cassava plants are affected by these species especially concerning competition for light and water. However, there were no negative effects when cassava plants competed with C. benghalensis. This species seems to rather affect the composition of light by reflecting peculiar spectrum of specific wavelengths, which allows cassava plants to anticipate the imposition of competition even before they get to harmful levels.
Eucalyptus
The management of weed species in Eucalyptus plantations is based both on mechanical and chemical methods . When using the chemical method, the main active ingredient applied is the glyphosate, due to several advantages (Tuffi . As this is a non selective herbicide, it is applied between plant rows, avoiding contact with the Eucalyptus plants, which could result in lower growth rates and eventually plant death (Tuffi Santos et al., 2010) . The possibility of severe damage for Eucalyptus by the application of glyphosate instigated the conduction of several researches involving the concept of "simulated drift". However, there are just a few researches in Brazil aiming at the physiological implications of glyphosate application in Eucalyptus plantations. In a pioneer study, Machado et al. (2010) modeled the impact of the herbicide glyphosate over clones of Eucalyptus grandis and E. urophylla. These authors were not able to identify differences in susceptibility among clones, but were able to characterize relatively well the behavior of physiological parameters in Eucaliptus under application of glyphosate. Four doses of glyphosate (43,2; 86,2; 129,6; and 172,8 g ha -1 of the commercial formulation containing 360 g L -1 of the acid equivalent of glyphosate) were applied on two clones of each species when plants were around 40 cm height. The main results are synthesized in Figure 1 . When the photosynthesis rate was analyzed as a function of herbicide doses, there was no change seven days after application (18,49 µmol m -2 s -1 ). However, 21 days after application (DAA) the photosynthesis was reduced as the dose of the herbicide increased (Figure 1 ). At the higher herbicide doses, there was a proportional increasing in toxicity to the plants of Eucalyptus which caused leaf abscission, thus reducing the leaf area available for photosynthesis. The stomatal conductance (Gs) did not differ among herbicide doses 7 DAA, but it was reduced as the dose was increased at the evaluation of 21 DAA. According to the authors, this is due to the slow action of the glyphosate which usually causes most of the damage between 9 and 15 DAA. In the same way of A and Gs, differences in transpiration (E) were not observed 7 DAA with increasing at the dose of glyphosate, but these differences were reported 21 DAA of the herbicide. The water use efficiency (WUE), however, was affected by increasing doses of the herbicide at the two evaluations (Figure 1 ), although these differences were more drastic 21 DAA. According to the authors, these differences in WUE are due at least in part to the reduction observed at the photosynthesis rate, which also resulted in smaller dry mass accumulation. The authors suggest that the smaller dry mass accumulated in treatments under high doses of glyphosate (Figure 2 ) are due to the higher toxicity caused to plants which resulted in high rates of necrosis and foliar abscission, associated to the lower photosynthesis rate and water use efficiency observed in these treatments 21 DAA of the herbicide. In these terms the authors recommend maximum care when using glyphosate in Eucalyptus plantations aiming to avoid toxicity to the crop and possible plant death, and concluded that the physiological parameters are an essential tool to determine herbicide injury to tree plants, when the evaluations are conducted at the right time after herbicide application. 
Physiology of weed species
8.1 Bidens pilosa, Commelina benghalensis, Brachiaria plantaginea B. pilosa, C. benghalensis and B. plantaginea usually are associated in the same community in areas where cassava is grown. There are several implications in controlling these weed species in cassava plantations, and the main one is the lack of herbicides registered to be used in this crop -only four herbicides are registered to be applied in cassava in Brazil. Based on this, it is important to determine the extent of the damage by competition these species are capable of causing to crops, and understand the physiological differences among these weed species. These weed species were grown alone at densities of 3 plants m -2 (B. pilosa and C. benghalensis) and 6 plants m -2 (B. plantaginea), in soil with moisture constantly maintained at 2 / 3 of the field capacity. Sixty days after emergence, plants were evaluated in terms of physiological characteristics associated to photosynthesis and water use efficiency. The stomatal conductance (Gs) did not differ among species, with values around 0,06 mol m -1 s -1 . The stomatal conductance is composed by the small cuticular conductance of the epidermis, and by the stomatal conductance when stomata are open. Because of that, Gs is proportional to stomata number and size. The water vapor exchange between the interior and exterior of the leaf was similar for all species (Table 7) . The control of stomatal opening depends upon light availability, CO 2 levels in the mesophyll, relative air humidity and water potential inside the plant, as well as other less impacting factors like wind speed, application of growth substances and endogenous rhythms proper of a given species. Similarly to the Gs, the E an was also equal among species. This variable is directly related to the water status of the plant and to the dynamics of the water vapor. Even in a leaf with high transpiration rate the relative humidity at the sub-stomatal chamber (E an ) may be superior to 95% and the resultant water potential may be around 0%, increasing the vapor exchange with the external environment, which presents water potential highly negative. Under these conditions the instantaneous vapor pressure is the saturation vapor pressure of the temperature of the leaf. In this way the E an is controlled by the leaf humidity level and temperature, causing changes over both the stomatal conductance of water vapor (Gs) and over the transpiration rate (E). Table 7 . Parameters associated to the photosynthesis and water use of weed species. In the same variable, means followed by the same letter at the column are not different by the Least Significant Difference (LSD) test at 5% probability. Source: Aspiazú et al. (2010c) .
Bidens pilosa is known by its wide capacity of extracting water from the soil, although it is not highly efficient in water use. This species is capable of keeping high growth rates under soil water potentials in which most of the crops and weed species reached the permanent wilting point, and in some cases this species is benefited by the occurrence of water deficit (Procópio et al., 2004b) . B. plantaginea, on the other hand, has a distinct strategy in overcoming severe water stress. While B. pilosa is highly efficient in extracting water from soil, B. plantaginea is highly efficient in using the amount of water extracted, in part because it is a C 4 species. As B. plantaginea is capable of keeping high photosynthesis rate even with CO 2 concentration in the leaf mesophyll very close to 0 ppm, it will allow this species to keep stomata closed for a longer period of time and increase the water use efficiency (WUE). B. plantaginea was superior to the others in terms of water loss as it was able to keep a tighter stomatal opening control. It is probably related to the C 4 metabolism of this species and to the lower compensation point of CO 2 concentration. As stomata of this species are closed for more time in relation to other species, the amount of water lost by transpiration is reduced. The parameters Gs, E an and E are connected to a cost-benefit ratio because the processes of transpiration and CO 2 interception from the outside of the leaf only occur when stomata are open. In addition, E an is usually reduced in periods of stomatal opening (Aspiazú et al., 2010a) . The higher WUE observed for B. plantaginea is directly related to the C 4 carbon cycle in this species and the consequent smaller period of stomatal opening (Table 7 ). The Ci of the leaf differed among species, and B. pilosa showed higher levels of CO 2 , followed by C. benghalensis and B. plantaginea. This is considered a physiological characteristic affected by environmental factors such as water and light availability (Gurevitch et al., 2009) . The higher the photosynthesis rate, the higher the amount of CO 2 consumed (Table 7) , and smaller will be its concentration at the interior of the leaf supposing the stomata are closed (Aspiazú et al., 2010c) . The CO 2 consumption increases the differences in concentration of this gas between the interior and the exterior of the leaf, and in general terms as higher is this gradient (ᐃC), faster the CO 2 will enter the leaf in moments of stomatal opening. Because of this, it was also observed that a smaller Ci also resulted in higher ᐃC. The leaf temperature (T leaf ) is affected by the metabolic rate of the leaf, and in proper conditions this temperature is always 1 -3 °C superior to the environmental temperature around it. In these terms, plant metabolism may be indirectly estimated by the leaf temperature (Attridge, 1990) . According to the observed for Ci and ᐃC, the leaf temperature was lower for B. pilosa, because this plant consumed less CO 2 per unit of time than the other species, and presented higher Ci and lower ᐃC than B. plantaginea (Table 7) . According to the Ci, ᐃC and T leaf , the photosynthesis rate was higher for B. plantaginea in comparison to the other weed species. The photosynthesis and transpiration rates depend upon a constant flux of both CO 2 and O 2 in and out of the leaves (Messinger et al., 2006) . The authors emphasize that, in general terms, under lower water availability, B. plantaginea tend to be more competitive than B. pilosa and C. benghalensis due to its superiority at photosynthesis rate and the other physiological parameters studied. On the other hand, B. pilosa is capable of keeping high photosynthesis rate even under moderate water stress due to its higher capacity of extracting water from soil -in other words, this species is specialized in avoiding the stress. While B. plantaginea is more efficient in characteristics related to the photosynthesis, i.e. more efficient in use of light, B. pilosa was more efficient in characteristics related to water use.
Lolium multiflorum
Ryegrass (Lolium multiflorum) is an annual winter forage, also extensively used as winter crop, aiming to supply mass for the no-till planting system. This species is distributed in all temperate climate regions of Brazil, especially at the Southern region. By the time of planting, this plant is usually desiccated with the herbicide glyphosate, and recently this species became resistant to this herbicide (Ferreira et al., 2009 ). Ferreira et al. (2009 conducted some studies on growth and development of the ryegrass biotype resistant to glyphosate in comparison to the standard susceptible biotype, and concluded that the susceptible biotype accumulates more dry mass than the resistant one. These authors attributed this to the smaller number of tillers at the resistant biotype: while the susceptible biotype presented around 7,2 tillers per plant, the resistant one presented in average 4,4 tillers per plant under the same conditions. Due to this, the number of inflorescences -and as a consequence the number of seeds produced -is smaller at the resistant biotype. Another fact reported by this group of researchers was that the susceptible biotype shifted from the vegetative to the reproductive period 19 days before the resistant, and completed the cycle around 25 days before. The parameters photosynthesis (A) and water use efficiency (WUE) are usually the main determiners of the predominance of a given species or biotype over the others at the same area, mainly as a function of the environmental stresses to which these plants are subjected to. As the factors causing this behavior in the resistant biotype were not clear, further work by the same authors went deeper at the physiological causes of these differences. Characteristics related with both the photosynthesis and the water use efficiency at the resistant biotype differed from the susceptible biotype, probably as a consequence of the mechanism conferring resistance to the herbicide glyphosate. The competitive ability of the plant affects directly its capacity of using environmental resources, mainly those related to the photosynthesis rate (VanderZee & Kennedy, 1983; Melo et al., 2006) . When the resistant biotype was put under competition with the susceptible one, the photosynthesis rate was greatly affected. As a consequence, the internal concentration of CO 2 in the leaf is increased because its consumption by photosynthesis was reduced ( Figure  3 ). Considering the previously discussed fact that the stomatal opening is related with both the internal CO 2 concentration of the leaf (in smaller degree) and to the level of light available (in higher degree), it is hypothesized by the authors that under field conditions there would be a smaller period of stomatal opening for the resistant biotype, when under competition with the susceptible one, resulting in smaller dry mass accumulation. Under low competition levels, the resistant biotype is more efficient in water use than the susceptible one (Figure 3 ). However, this biotype becomes less efficient in water use as the competition level is increased. Some studies show that the resistant biotype accumulates less dry mass because the period of stomatal opening is smaller to avoid losing excessive water, and as a consequence small amounts of CO 2 move from the external environment to the interior of the leaf. On the other hand, a possible smaller speed of water movement from roots to shoots would limit the water loss to that contained at the sub-stomatal chamber during the period of stomatal opening, which would make the resistant biotype more efficient in water use at the expense of smaller dry mass accumulation capabilities. The most probable reason for the resistant biotype to be more efficient at the water use is a supposed smaller efficiency in water absorption or translocation, as well as the smaller period of stomatal opening. It is highlighted, however, that a higher WUE does not guarantee that this biotype has any physiological advantage over the susceptible one under low competition levels. As previously presented, plants of B. pilosa are highly efficient in extracting water from soil, but present relatively low WUE (Procópio et al., 2004b) .
Plants of the Opposite Biotype
Echinochloa crusgalli
Barnyardgrass (Echinochloa crusgalli) infest rice fields worldwide being rarely found in shaded places. This species is adapted to anaerobic environments, being capable of germinating even under 10 cm of water ). The high number of seeds produced increases both its importance as a weed and the survival of the species. In addition, this species present C 4 carbon cycle while rice is a C 3 species. The competition for light between rice and barnyardgrass plants occur when the latter grow more than the former, shading the plants of the crop and reducing both the quantity and the quality of the light received by the rice plants . Several studies showed that taller plants present superior ability of causing interference in crops, mainly in terms of amount of light intercepted. Barnyardgrass plants are usually twice the size of the current rice varieties when mature. Although relatively easy to control, barnyardgrass plants are becoming a more serious problem because there are several biotypes resistant to herbicides around the world. In Brazil the main problem is the occurrence of several biotypes resistant to the herbicide quinclorac. As the chemical control method becomes inefficient in controlling this species, the physiology of the plant should be explored and understood to allow application of management practices which will allow a cultural suppression of the occurrence of this weed species. Preliminary works showed that there are variations among biotypes in terms of growth rate, and hypothesized that this was probably related to the physiology of the plant. Later studies by Concenço et al. (2009) supplied some light on the physiological behavior of these biotypes in terms of characteristics associated to the photosynthesis and growth rates. At Table 8 is presented a comparison between a susceptible and a resistant biotype to the herbicide quinclorac, in terms of variables associated to the photosynthesis. In relation to the variables associated to the photosynthesis, differences between biotypes were not observed (Table 8) . In relation to the increasing at the competition intensity, it is possible to conclude that both biotypes are similar but the susceptible biotype was generally more affected than the resistant one under high competition levels, in comparison to the control with no competition. More vigorous plants are capable to cover the available space faster and avoid access of the less vigorous plants to light. At Table 9 it is supplied a comparison between a susceptible and a resistant biotype to the herbicide quinclorac in terms of variables associated to the water use efficiency. Also, differences were not found. The authors concluded that unlike Lolium multiflorum biotypes which differ greatly in terms of physiologic parameters and competitive ability, barnyardgrass biotypes resistant and susceptible to the herbicide quinclorac present similar performance in terms of physiology and biomass accumulation, and the probable mutation responsible for conferring resistance to the herbicide did not affect the environmental fitness of the biotype at significant levels. Table 9 . Physiological parameters associated to the water use in barnyardgrass (Echinochloa crusgalli) biotypes, resistant or susceptible to the herbicide quinclorac. Means followed by the same letter at the column, inside each variable, are not significantly different by the DMRT test at 5% of probability. Source: Concenço et al. (2009) .
Plants under
Final comments and conclusions
The weed species present distinct strategies to avoid stresses aiming to keep high rates of physiological metabolism. As example, B. plantaginea is highly efficient at the use of water;
B. pilosa is not efficient in using water but is capable of extracting this resource from soil at water potentials where most other weeds are reaching the permanent wilting point, and C. benghalensis produces aerial and subterranean seeds, being also capable of propagating vegetatively. Biotypes of weeds resistant to herbicides, like Echinochloa crusgalli resistant to quinclorac and Lolium multiflorum resistant to glyphosate, may present different abilities to those at the susceptible biotype. These differences are related to morphophysiological changes caused by the mechanism which confers resistance to the herbicide, and the physiological parameters associated to the photosynthesis rate and water use efficiency are highly effective in pointing out these discrepancies among plant biotypes when they are present, and probably also useful for differentiating plant ecotypes of the same species. Thus, the measurement of physiological parameters associated to photosynthesis and water use present a wide range of applicabilities, and many of them are currently not fully explored. Some weed species or biotypes of weed species are so poor competitors against certain crops, that it is unnecessary to eliminate them from the field when they occur at low densities, if all other developmental factors (light, water, CO 2 ) are supplied at minimum required levels for crop development. In fact, some low competitive weed species are recognized by some crops before the competition starts, and these crops are able to increase their metabolism as an answer to the presence of that given weed species, growing faster while trying to avoid the competition with that weed species. The presence of low infestation of such weed species is hypothesized to result in positive effect over the crop competitiveness; maybe not increasing yield, but increasing crop capacity to compete against other weeds. In relation to the application of chemicals for weed management inside crop fields and tree plantations, it is advised to observe the optimal time after application when symptoms of phytotoxicity are present to avoid mis-determining a lower impact than the real from the herbicide and dose over the crops. In this scenario, physiological parameters are more efficient than directly quantified variables, also supplying results faster. In general terms, more attention should be given to the behavior of physiological parameters in crops and weed species when they are submitted to some type of stress. At this chapter the possibility of using physiological parameters in determining the effects of competition between plant species over each one of the species involved, as well as a tool to describe the impact of a given herbicide treatment, were illustrated. However, these parameters are suitable for inferences in many other types of applications not discussed at this chapter.
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